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Missile Guidance Systems 


By R. L. HUGHES, s.sc., A.M.LE.E., 
Applied Electronics Laboratories. 


RESENT-DAY defence 

problems have led to 

the development of 
guided missiles to meet the 
stringent requirements of 
modern warfare. For ex- 
ample, the increasing speed 
and ceiling of modern air- 
craft put the task of inter- 
ception outside the capabi- 
lities of an unguided pro- 
jectile such as a shell from 
an anti-aircraft gun, which 
would need to be launched 
with great accuracy and fly 
at enormous speed to achieve a hit on a high-altitude 
supersonic aircraft. A guided missile flying at only 
moderate speed can, however, be used successfully. 
This is because it is supplied with, or can obtain for 
itself, continuous steering signals to direct it towards 
its target. Guidance information can be derived in a 
variety of ways, and the method of derivation serves to 
classify the guidance systems. 


conclusion some 


PHASES OF MISSILE FLIGHT. 

The flight of a missile can be conveniently divided 
into the launching phase, the midcourse phase and the 
terminal phase. The launching phase is usually 
shortest in duration and covers the period during 
which the missile is being accelerated to its cruising 
speed. Guidance during this time is of a limited form 
and in many cases is not even attempted. 

In the midcourse phase the missile may be sustained 
at cruising speed or allowed to coast. Guidance during 
this phase can, in many applications, differ from that 
employed in the terminal phase ; it generally involves 
the use of remote target and missile tracking and the 
passage of information to the missile by link. This 
corresponds to the phase in the control of a manned 
fighter aircraft when it is being “ vectored ” to inter- 
cept its target. 

The terminal phase, on the other hand, relies to a 
greater extent on missile-borne equipment and may be 
quite independent of remote target tracking. This 
phase culminates in the detonation of a warhead in 
close proximity to the target. In short-range missiles, 
the midcourse and terminal phases are indistinguish- 
able, the guidance being of one form for the whole 
flight. 


COMMAND GUIDANCE SYSTEMS. 
In a command guidance system both the target and 
missile are observed from a remote point either 


The author outlines the various methods 
by which a missile may be guided to its target. 
Most of those described depend on detecting 
energy radiated or reflected from the target 
or elsewhere, but reference is also made to a 
method of guiding long-range ground-to- 
ground missiles which is based on guidance 
information from the earth's gravitational 
field or from astro-navigational fixes. In 
practical considerations 
affecting power supplies, circuit components 
and the accommodation of the equipment in 
the missiles are discussed. radar tracking and radio 


optically or by radar and 
the missile is directed to 
intercept its target by intel- 
ligence conveyed along a 
wire or radio command link. 
Such systems vary in com- 
plexity from the short-range 
wire-controlled anti-tank 
weapon employing optical 
tracking by a human operator, 
to the midcourse guidance of 
a long-range missile where 


links are employed. The 

latter system must be capable 
of continuous computation of the steering orders to 
eliminate the need for a human operator in the control 
loop. The disadvantages of command systems include 
their inability to cope with several missiles at one time 
and their vulnerability to counter-measures. The 
missile-borne equipment, however, is not excessively 
complex, consisting essentially of a multichannel 
radio receiver and a servo-mechanism for the move- 
ment of aerodynamic control surfaces. 


BEAM RIDING. 

The first essential of beam rider guidance is a radar 
system capable of accurate automatic tracking of a 
target. The missile is launched into the radar beam and 
guides itself along the axis, using a rearward-looking 
aerial and guidance receiver to detect the magnitude 
and direction of any deviation from the centre of the 
beam, and deriving steering signals to operate the 
control surfaces and so correct for this deviation. 

One method of accomplishing this involves the use 
of a conically scanning radar beam, the locus of 
whose tip is a cirtle in a plane normal to the beam. An 
aerial located in this plane and close to the beam axis 
will receive a signal whose amplitude is modulated at 
the scanning rate. The magnitude and phase of the 
demodulated envelope give the position of the receiving 
aerial, and hence of the missile, with respect to the 
beam axis. To ensure correct sensing of this signal it 
is necessary to add a reference signal to the radar 
transmission which is synchronous with the beam 
rotation and the receiver must be capable of separating 
it. Roll stabilisation of the missile is also necessary to 
ensure that the reference planes of missile and radar 
beam do not become inclined. Fig. 1 shows the 
essentials of a beam rider guidance receiver, with 
some idealised modulation and reference waveforms, 
and their interpretation in terms of angular error. 

Beam riding can be used as midcourse guidance with 
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a different form of guidance during the terminal 
phase, or, in shorter-range missiles, beam riding can 
take place for the whole of guided flight. As the launch- 
ing range is increased in such systems, so the miss- 
distance between missile and target will increase due to 
target tracking and beam riding inaccuracies, and this 
sets a limit to the useful maximum range. As the range 
increases, the need for a target-tracking system carried 
in the missile becomes apparent and systems such as 
the following become necessary. 


PASSIVE HOMING. 

The term “homing” as applied to a guidance 
system describes any form of guidance in which 
information about target movement is gathered by the 
missile itself. Unlike the beam rider, this involves the 
installation of a forward-looking detection device such 
as a radar aerial. Such an aerial must be mounted in a 
gimbal system so that it can point at the target over a 
range of angles of look. The purpose of the tracking 
signals derived from a homing eye is to keep the aerial 
trained on the target, and to provide the missile 
control equipment with steering signals so that it may 
be navigated to the target. 

Passive homing relies on there being some form of 
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detectable activity on the part of the target such as the 
infra-red energy radiated from an aircraft engine. A 
missile using this form of homing is fitted with a 
highly directive mirror system in its nose focusing the 
received radiation on to a photocell. It is then possible 
to extract target movement relative to the missile from 
the electrical output of the cell after suitable amplifi- 
cation. Any other form of radiation emanating from 
the target can be treated in a similar way provided it 
can be distinguished from the general background and 
that propagation does not deteriorate markedly in, for 
instance, conditions of poor visibility. The radiation 
must not in itself be so directive as to confine attacks 
to impossibly narrow sectors, and the intensity must be 
such as to provide adequate missile range. Clearly the 
missile detecting equipment must be extremely sensitive 
and highly selective to exploit any such system fully. 


FULLY ACTIVE HOMING. 

A fully active homing missile carries in it a means of 
illuminating the target and receiving the reradiated 
energy. This can be achieved by a microwave radar 
transmitter-receiver employing a directional aerial 
system mounted in the nose of the missile. Such a 
scheme can be used in the terminal guidance phase 

only or it can be used during the whole 
of flight, when it is termed homing-all- 
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fire control system and the missile 
aerial system is trained on to the correct 
bearing and elevation. Once the target 
has been detected by the missile, the 
latter is launched on an interception 
course, its aerial system keeping the 
narrow beam on the target. 

This automatic following technique 
requires the use of a servo loop in the 
ie missile incorporating an aerial system 
FIN which is stabilised by a gyroscope 

against motions during flight. The 
missile radar receiver forms the major 
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AERIAL guidance signals for the control of 


missile flight. The radiated energy may 
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Fig. |.—Beam rider guidance receiver. 





GUIDANCE RECEIVER BLOCK DIAGRAM. 


be transmitted in discrete pulses or 
continuously. In the pulse radar 
system, target range is measured by the 
time delay between transmitted and 
received pulses, while in the continuous 
wave system ranging is possible if the 
transmission is frequency-modulated. 
It is also possible to employ the Doppler 
principle to measure the velocity of the 








target relative to the missile in terms of the frequency 
difference between transmitted and received radiation. 
Fig. 2 and 3 show the interconnections in a missile 























KEY. 
Radar beam direction. 
Microwave aerial system. 
Reference gyroscope for aerial stabilisation. ) 
Radar receiver. 
. Navigation controller. 
Accelerometer measuring pitch or yaw acceleration. 
Autopilot. 
Fin Control Servomechanism. 
Fin, or control surface. 
Fig. 2—Interconnections in a missile control system. 
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control system and the outline block diagram of the 
guidance system of a fully active homer respectively. 
Conical scanning is frequently used to obtain target 
angular information, the received signal being ampli- 
tude-modulated at the scan frequency when the 
target lies off the axis of the scanning beam. The angle 
tracking loop, a position control servomechanism, 
minimises the angular error between the radar beam 
axis and the sight line between the missile and target. 
The magnitude of the angular error is proportional to 
the depth of modulation on the returned signal, while 
the phase of the modulation with respect to a reference 
wave, synchronous with the conical scan generator, is 
indicative of the sense of the error. The angle tracking 
loop measures the angular rate of turn of the sight line 
to the target and conveys this to the missile autopilot, 
which computes and demands the necessary accelera- 
tions required of the missile. 

Target ranging can be carried out in a pulse radar 
by means of a closed loop system in which an internally 
generated strobe pulse is kept in time-coincidence with 
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the received target pulse. Alternatively, target velocity 

can be tracked by generating a velocity strobe and 

keeping this in frequency coincidence with the Doppler 
shift due to the target/missile relative velocity. 
In either case a first or second order servo 
loop can be employed. In addition to these 

8 control loops it is necessary to include an 
automatic gain control loop to allow for the 
change of signal strength between extreme 
target ranges, and frequency control loops to 
compensate for thermal drift of oscillators, and 
to remove frequency modulation due to 
vibration and other causes. 

The fully active homer is capable of reaching 
its target without external assistance once it has 
acquired the target. The missile-borne equip- 
ment required to do this is necessarily heavier 
and more complex than, for instance, that of a 
beam rider. 


SEMI-ACTIVE HOMING. 

A semi-active homer relies on an external radar 
transmitter for target illumination. The block diagram 
of the guidance unit of such a system is similar to that 
of the fully active homer with the transmitter and 
duplexer removed. One property of such a system is 
the dependence of the missile on its launcher during 
flight. In the case of an air-launched weapon, this 
might place an unwelcome restriction on the post- 
launch manoeuvre of the launching aircraft, which, in 
keeping its illuminating radar beam on the target, might 
be uncomfortably close to its target at the instant of 
impact. 


INERTIAL GUIDANCE. 

An inertial guidance system, unlike the homing and 
beam riding systems, does not require for its operation 
the radiation of energy from the target or elsewhere. 
Such a system finds application in long-range ground- 
to-ground missiles, where it is used for great circle 
navigation between two known points on the earth’s 
surface. 
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Fig. 3.—Block diagram of a guidance unit of a fully active homer. 
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An inertial-gravitational guidance system obtains its 
guidance information from the earth’s gravitational 
field by using a vertical sensing unit to measure the 
direction of gravity continuously during flight. The 
error between this and a required field direction is 
used to demand a steering signal. The target position 
is defined, since the direction of gravity is unique at 
any point on the earth’s surface. A gyro-stabilised 
platform is used to provide a space reference. 

Inertial-celestial guidance systems employ gyro- 
stabilised star trackers which automatically track stars 
in rather the same way as a homing missile aerial is 
made to track a target. A succession of fixes is obtained 
from the simultaneous observations of the stars, and the 
position of the missile is compared with one which is 
predetermined. Steering signals are derived from the 
difference between observation and prediction to give 
continuous course correction. On arrival near the 
target after great circle navigation by inertial guidance, 
some form of homing may be resorted to in the terminal 
phase. 


RADIO NAVIGATION SYSTEMS. 

The radio navigation systems familiar in ship and 
aircraft navigation can be used to provide two-dimen- 
sional guidance information for the mid-course phase 
for ground-to-ground missiles. A typical system 
involving the hyperbolic navigation technique uses a 
master transmitter and two receivers in the missile and 
two ground-based transponder beacons which reradiate 
a signal to the missile when interrogated by the missile 
transmission. The signals from the two beacons are 
compared in the missile and the time difference 
between them compared with a predetermined value. 
Any error between measured and predetermined 





Fig. 4.—Transistor guidance equipment. 
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Fig. 5.—Experimental missile homing head. 


values is indicative of an error in the missile track, 
and corrections are continuously computed and used 
to steer the missile along a 
hyperbola, which is the line 
of constant range difference 
between the two transponder 
beacons at the foci of the 
curve. One unique hyper- 
bola with these foci passes 
through the target. The 
missile control system thus 
seeks to keep the time delay 
between the beacon signals 
at the value corresponding 
to this hyperbola. A radio 
altimeter is used in conjunc- 
tion with an automatic pilot 
to keep the missile at con- 
stant height. 


SOME PRACTICAL 

SIDERATIONS. 

In the electronic circuits 
which form a large part of 
the control equipment of 
a guided missile, electrical 
power is often provided 
during flight from a speed- 
regulated _turbo-alternator, 


CON- 








usually driven by compressed air. In the larger 
missiles several kilowatts of electrical power are 
generated at frequencies ranging from a few hundred 
cycles to a few kilocycles. The advantages of high- 
frequency supplies lie in the use of smaller wound 
components, and smaller smoothing components. 
Hydraulic or pneumatic actuation of the aerial system 
and control fins calls for the provision of high-pressure 
supplies. A supply of coolant may also be necessary 
to remove the heat dissipated in small high-power 
components. 

The conditions occurring during flight give rise to 
many problems in the design of missile-borne guidance 
equipment. High levels of vibration necessitate the use 
of special-quality thermionic valves of rugged con- 
struction. Encapsulation of wiring and components 
may also be necessary. The immunity of transistors to 
microphony, together with their small size and low 
power requirements, make them particularly suited to 
missile application. The high levels of sustained 
acceleration during boost and during manoeuvre 
impose quite stringent requirements on rotating 
mechanisms, which have to be very well balanced. High 
hot-spot temperatures associated with small wound 
components call for the use of high-temperature 
insulating materials. The comparatively small space 
available demands close packing of equipment and 



















Fig. 6.—‘* Seaslug ’’—an interception of 
a target aircraft by ‘‘ Seaslug’’, the 
Royal Navy’s first ship-to-air guided 
missile. The General Electric Co. Ltd. is 
responsible for the design and production 
of the guidance equipment for the 
**Seaslug *’ missile, of which there have 
recently been many successful firings. The 
accuracy of the weapon has already been 
demonstrated with inert rounds, which 
have obtained direct hits on aircraft, both 
from H.M.S. “ Girdleness,” the Royal 
Navy’s guided weapon trial ship, and at 
Aberporth. 


(Crown copyright reserved, reproduced by permis- 
sion of .the Controller, H.M. Stationery Office.) 
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introduces a cooling requirement, particularly when 
long pre-flight running of equipment is necessary for 
testing and adjustment. 

Fig. 5 shows a radar homing head for a guided 
missile from which some idea can be obtained of one 
method of packaging electronic units. Printed circuit 
techniques and subminiature components are widely 
used, and fig. 4 shows part of a guidance unit incor- 
porating transistors and magnetic amplifiers and 
employing printed wiring. 


CONCLUSION. 

Missiles may be guided over a vast span of distance 
from the few hundred yards of a wire-controlled 
weapon to the thousands of miles covered by an inter- 
continental missile. The choice of guidance systems 
is closely linked with such factors as the required 
range, the form of target, the maximum radar range 
achievable against a given target, and the accuracy 
required. The launching platform may be land- 
based, ship-borne (fig. 6) or air-borne and the target 
may be on land or sea, or in the air. Thus 
many combinations of launcher and target are 
possible, and the application of numerous and 
varied skills and techniques in the aircraft and 


electronic industries is involved in the solution of the 
problems of missile design. 
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Maesteg Coal Preparation Plant 


By D. G. KEAY, 
Erith Engineering Works. 


COAL preparation plant based on the Chance 
sand flotation process has recently been put into 
operation at Maesteg in the Llynfi Valley of 
Glamorganshire, South Wales. It has been planned as 
a central washery for the Maesteg Group to clean 


if required, for such purposes as fuel for locomotives, 

gas producers, and metallurgical coke. 

WASHING CHARACTERISTICS OF MAESTEG COALS. 
Sink-and-float tests are given in Table | for four 





Fig. |.—Maesteg coal preparation plant. 


coals from Caerau, Coegnant, Bryn and St. John’s 
Collieries. The plant was designed and manufactured 
at the Erith works of The General Electric Co. Ltd., 
who also supplied the whole of the electrical equip- 
ment. 

The plant, of which a general view is shown in fig. 1, 
is designed to handle a wide variety of coals varying in 
ash content from 7 to 23 per cent, the bulk of them 
being between 10 and 15 per cent. They are all in the 
semi-bituminous class and a few of them are coking 
coals. The cleaned coal is intended mainly for domestic 
consumption, although some of it would be suitable, 





seams covering the range of Maesteg coals from 
maximum to minimum ash content. A noticeable 
characteristic of them all is that the intermediate 
fractions are higher in ash than the coarse coal or the 
fines. 

The tests show that from all the seams a clean coal 
could be obtained from the 8 in. oversize by picking 
out the occasional pieces of stone or shale by hand. An 
intermediate fraction would have to be washed, but a 
saleable fine coal could be obtained from the raw coal 
in most cases by direct screening. From the Gellideg 
seams of St. John’s and Bryn Collieries the fines could 
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be separated through 1} in. round holes (approxi- 
mately 1 in. sq.), but they would have to be taken out 
at a smaller size from the Caerau coals. The Lower 
New Seam North from Caerau Colliery would pro- 
bably give a satisfactory product at } in. rd. (4 in. sq.), 
but from the Red Vein Seam it would be preferable to 
screen out the fines through } in. sq. 

In the Maesteg plant an 8 in. x 1} in. fraction is at 
present being washed, the 1} in. x0 raw coal being a 
saleable product. It is possible, however, that a change 
in market conditions or in the class of coal being sent 
to the plant might make it necessary to separate the 
fines at a smaller size, or even to clean the whole of the 
raw coal throughput. 


GENERAL METHOD OF TREATMENT. 

It was evident at the outset that the main considera- 
tion in drawing up a scheme for washing Maesteg 
coals, with their widely varying ash content, would be 


flexibility of operation. This requirement was the 
basic factor in the design of the plant. 

The flow of coal through the plant can be seen in 
fig. 2. The coarse and fine fractions are first screened 
out, and the intermediate size is cleaned in a Chance 
cone on the well-known sink-and-float principle with 
a suspension of fine sand as the heavy medium. The 
cone itself is very flexible in operation. The density of 
the medium can be changed simply and rapidly by the 
adjustment of calibrated valves, and a middling 
product can be taken off when required just as easily 
without interrupting the operation of the plant. 

The 8 in. oversize from the primary screen is 
normally loaded direct into railway wagons after 
passing over a picking belt, but provision has been 
made for crushing and cleaning it when necessary. A 
by-pass arrangement on the secondary raw coal 
screen in the form of a hinged flap, or “flopper”’, 
enables the fines to be separated at either of two 



































TABLE 1. 
WASHING CHARACTERISTICS OF MAESTEG COALS. 
Clean Coal Middling Refuse 
Colliery and Seam Size Float at Sink at S.G. 1-4 Sink at S.G. 1-6 Raw Coal 
S.G. 1-4 Float at S.G. 1-6 

Weight °,, Ash °, Weight °,| Ash °, Weight °, Ash °, Weight °,, Ash ‘ 
St. John’s Colliery, +8 in. rd. 17-06 1-3 — — 0-14 90-4 17-2 2-0 
Gellideg Lower 8 in. x 4 in. rd. 12-62 1-5 —- — 0-58 88-4 13-2 5-3 
New Seam 4 in. * 2 in. rd. 8-30 1-6 0-20 20-0 1-30 85-6 9-8 13:1 
2 in. rd. x 1 in. sq. 6°44 1-7 0-08 17:5 0-88 84:5 7-4 11:7 
1 in. x $ in. sq. 8-65 1-6 0-15 12-0 1-00 81-8 9-8 9-9 
§ in. sq. x0 36-40 1-4 2:78 9-2 3-42 76:3 42-6 8-0 
Totals 89-47 1-5 3-21 10-2 7:32 80-9 100-0 7-6 
Bryn Colliery, +8 in. rd. 6°30 4-4 _ — 0-60 63-1 6-9 9-5 
Gellideg No. 2 8 in. « 4 in. rd. 10-90 4-6 0-46 18-3 0-84 61-1 12:2 9-0 
Seam 4 in. 2 in. rd. 11-97 3:3 0-26 18-1 1-37 70-2 13-6 10-3 
2 in. rd. x 1 in. sq. 8-55 3-7 0-49 16:1 1-26 72:7 10:3 12-7 
1 in. x $ in. sq. 9-92 33 0-64 18-0 1-04 74-0 11-6 10-5 
§ in. sq. x0 35-28 28 4-36 15-8 5-76 68-4 45:4 12-4 
Totals 82-92 3-4 6:21 16-4 10-87 68-8 100-0 11-3 
Caerau, Colliery, +8 in. rd. 10-22 38 — _ 0-48 70-5 10-7 6:8 
Lower New Seam 8 in. x 4 in. rd. 9-07 23 1-71 140 , 2-02 71°5 12-8 14-9 
North 4 in. 2 in. rd. 5-28 2-7 0-63 15:1 3-39 73:1 9-3 29-2 
2 in. rd. x 1 in. sq. 6-80 2:1 0-87 15-5 3°13 65-7 10-8 21-6 
1 in. x $ in. sq. 6°19 2:3 0-65 16-0 2-46 71:7 9-3 21-6 
} in. sq. x0 38-08 1-9 3-09 11-8 5-93 72:1 47:1 11-4 
Totals 75-64 2:3 6:95 13-7 17-41 71-0 100-0 15-0 
Caerau Colliery, +8 in. rd. 4:86 2°55 — — 0-04 46:3 49 2:9 
Red Vein Seam 8 in. x 4 in. rd. 5-82 2-2 0-60 14-0 0-98 41-7 7-4 8-4 
4 in. * 2 in. rd. 5:36 2-9 0-19 18-4 1-75 74-4 73 20:5 
2 in. rd. x 1 in. sq. 3-50 3-4 0-48 18-8 4-42 83-6 8-4 46:5 
1 in. x $ in. sq. 5-43 3:3 0-96 15-6 5-31 85:1 11-7 41:5 
} in. x } in. sq. 8-05 3-0 1-41 13-3 4-64 81-7 14-1 29-9 
} in. x § mm. sq. 24-22 2-6 1-62 14-2 6°46 75-0 32:3 17-7 
4 mm. sq. 0 7-94 3-6 4:10 10- 1-86 65:9 13-9 13-8 
Totals 65-18 2:9 9-36 12:7 25:46 77:7 100-0 22:9 














NOTE : 1 in. sq. is slightly less than 14 in. rd 
4 in. sq. is slightly less than } in. rd. 
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sizes without stopping the flow and without having 
to change the screen plates. 


DESCRIPTION OF THE COAL PREPARATION PLANT. 


The plant, with the exception of a wagon tippler, is 
housed in a single steel-framed building, the tippler 
being under separate cover. The walls are of 44 in. 
brick and the roof is of corrugated asbestos sheeting. 

Coal enters the plant through the wagon tippler, 
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been provided to reduce it below 8 in., whence it 
would be taken by a belt conveyor to join the feed to 
the secondary screen ahead of the Chance cone. 

The 8 in. undersize goes by conveyor belt to the 
secondary raw coal screen, which is fitted with 1} in. 
round holes on the upper and } in. round on the lower 
deck. As the minus 1} in. raw fines are low enough in 
ash to be saleable, the “ flopper” at the end of the 
lower deck is kept open and all the 1} in. x ? in. coal on 
it drops through to mix with the ? in. undersize, the 
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Fig. 2.—Flow of coal in Maesteg plant. 


which has been designed to accommodate all standard 
types of wagons from 8 to 24} tons capacity. Integral 
with the tippler is a weighbridge for recording the 
weight of the wagons both full and empty. The coal is 
tipped into a hopper, from which it is drawn by means 
of a Sherwen vibrating feeder at a controlled flow 
regulated at 250 tons per hour, and drops on to a 
conveyor belt which elevates it to the primary raw 
coal screen. This takes out an undersize through 8 in. 
round holes, the oversize passing to a picking belt 
where tramp iron, pit props, and any rock are removed. 
The oversize, which is normally of finished grade, is 
sent direct to the boom loaders over the rail tracks. If 
it should need cleaning, however, a pick breaker has 


combined 1} in. x 0 product being taken by a conveyor 
belt to the raw fines bunker for loading into railway 
wagons. Should it be necessary with another coal to 
clean everything above } in., the “ flopper ” would be 
closed and the 1} in. x ? in. fraction would then join 
the 8 in. x 1} in. raw coal from the top deck for trans- 
port to the Chance cone. 

The oversize from the secondary raw coal screen, 
whether on 1} in. or ? in., drops direct into a Chance 
cone, 12 ft. in diameter. The top of the cone and the 
discharge chute from the secondary screen can be seen 
in fig. 3. The illustration also shows the calibrated 
valves by which the specific gravity of the sand medium 
is regulated. The middlings column is not visible. As 
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Fig. 3.—Top of the Chance cone, showing the density-control valves for regulating 
the specific gravity of the sand medium. 


already mentioned, it can be put into operation when 
required by a simple adjustment of valves. 

The clean coal is discharged over a weir at the top 
of the cone and is dewatered and desanded on a 
double-deck shaking screen with | in. and 2 in. round 
holes on the top deck and a 1 mm. wedge-wire screen 
cloth on the lower deck, which also removes a ? in. x 0 
degradation product. The sand and water passing 
through the wedge-wire screen gravitate to a sump 
from which they are returned to the circuit, while ? in. 
holes at the end of the wedge-wire screen separate the 
degradation product, which is taken to the raw fines 
bunker by a Redler elevator. The 2 in. x ? in. product 
from the lower deck passes direct to its loading boom. 
The 2 in. oversize from the top deck is sized on a 
second shaking screen with 2? in. and 4 in. round holes, 
the products being conveyed to loading booms as 
shown in fig. 2. 

When middlings are being made in the Chance cone, 
they are dewatered and desanded on the clean coal 
screen, a portion of which is isolated for the purpose by 
means of a dividing plate. A Fraser & Chalmers 
Pennsylvania single-roll crusher, 24 in. dia. 24 in. 
wide, is provided for crushing the middlings through 
1} in., the discharge dropping into the Redler con- 
veyor, which elevates it to the raw fines bunker. 

The refuse, sinking to the bottom of the cone, is 
removed by means of two discharge gates which are 
continuous in operation and fully automatic, opening 
and closing alternately in a predetermined cycle. The 
gates can be seen in fig. 4, which also shows the de- 
watering and desanding screen underneath. The 


screen has a top deck of 
perforated plate to take the 
shock and wear of the falling 
refuse, and 1 mm. wedge- 
wire screen cloths below 
through which the sand and 
water are removed. They are 
collected in an intermediate 
reservoir for transfer to the 
main sand sump and eventual 
return to the circuit. The 
refuse drops on to a conveyor 
belt and is taken to a bunker 
for subsequent disposal. It 
is intended eventually to 
transport it to the tip by 
means of an aerial ropeway. 

A small quantity of effluent 
is bled continuously out of the 
circuit in order to prevent silt 
from accumulating in the sys- 
temand affecting the operation 
ofthe cone. It is pumped toa 
thickener, the underflow going 
to a vacuum filter. The de- 
watered material is normally 
sent to the raw fines bunker, 
but it can be diverted to the 
refuse conveyor if its ash con- 
tent should be unduly high. 
The plant is run for two shifts per day with a 
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Fig. 4.—Bottom of the Chance cone, showing the refuse chamber 
and discharge gates, and the desanding screen. 
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throughput of 3,600 to 4,000 tons of raw coal. Its 
operation is supervised by a manager. Two men per 
shift look after the Chance cone and ancillary equip- 
ment and a third takes charge of the boom loaders. 
Two more are stationed at the picking belt for remov- 
ing tramp iron, stone, pit props, etc. 


ELECTRICAL EQUIPMENT. 

All the electrical equipment in the plant, including 
the cables, has been supplied by the G.E.C. There are 
30 totally enclosed fan-cooled squirrel-cage motors 
with a total installed horse-power of 515, all controlled 
by direct-to-line contactor starters. For machines with 
a high starting torque, a fluid coupling has been 
incorporated to ensure that the motors take up the 
heavy load gradually. 

In the interests of safety the starters are arranged 
in groups so situated that every machine is in full view 
of the operator when he is starting it up. The groups 
receive their current from conveniently placed distri- 
bution boards, each of which has an oil circuit-breaker 
for the incoming supply and a separate circuit-breaker 
for each of the outgoing motor circuits. 


PERFORMANCE OF THE PLANT. 

The efficiency of heavy-media separations varies 
according to the proportion of near-gravity material in 
the feed to the separating vessel. In view of the wide 
variety of coals that may have to be treated at Maesteg, 
the performance of the plant with any one of them is 
assessed according to its washability number, which 
takes into account the near gravity material. For a 
given specific gravity of separation S in the Chance 
cone, the washability number W,; is given by the 
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formula W,—100/a+-6, where a is the percentage of 
raw coal between specific gravities S and S+0-1, and 
b is the percentage between specific gravities S and 
S—0-1. Thus the greater the quantity a+5, the 
smaller is the value of W,, and vice versa. 

The performance that has been guaranteed at the 
Maesteg plant varies with the washability number of 


TABLE 2. 
GUARANTEED PERFORMANCE OF CHANCE CONE. 





Misplaced Material 


Washability Percentage of sinks | Percentage of floats 





Number in the 8 in. x? in. | in the refuse at the 
Wo clean coal at the. sp. gr. of separation 
sp. gr. of separation will not exceed 
will not exceed 
Under 5 1-50 1-50 
5-10 1-25 1-25 
10-20 1-00 1-00 
Over 20 0-75 0-75 











the raw coal entering the Chance cone and is worked 
out on a sliding scale as given in Table 2. The permis- 
sible misplaced material is highest with a low value 
of W,, i.e. with a large proportion of near-gravity 
material, and lowest with a high value of W;. Since 
the commissioning of the plant in March, 1957, the 
misplaced material in both the clean coal and the 
refuse has been consistently below the guaranteed 
figures. 





145 


New Tinning Lines at 


Steel Company of Wales 


By S. A. G. EMMS, B.sc., and P. SCOTT, M.a.(Cantab), Grad.L.E.E., 


N addition to the large 
amount of electrical plant 
and equipment already 

commissioned in the Mar- 
gam, Abbey and _ Trostre 
Works of The Steel Company 
of Wales Ltd.,* a G.E.C. 
electrical installation has also 
been supplied for three elec- 
trolytic tinning lines at the 
Velindre Works. 

The Velindre plant is 


designed to have an ultimate output of 450,000 tons of 
tinplate a year, representing nearly half the current 
U.K. rate of production. Two of the lines are already 


* G.E.C. Journal, Vol. XIX, pp. 146-151, July, 1952; and Vol. XX, 
53 


pp. 151-160, July, 1953. 


Witton Engineering Works. 


Three new tinning lines installed by The 
Steel Company of Wales Ltd. have been 
equipped with drives incorporating closed 
loop systems of speed control operating 
through electronic amplifiers, and magnetic 
amplifier control of tension. The electrical 
equipment described in this article makes 
an essential contribution to the rapid and 
economical production of tinplate of high and 
consistent quality. 


in service and when the 
third is commissioned and 
the plant in full operation, 
the tinplate industry will not 
only be able to meet the 
expected future demand 
from the home market, but 
have a substantial surplus 
for export. 

These are the first tinning 
lines of their type to be 
designed and built in Great 


Britain. They employ an advanced technique, making 
it possible to produce tinplate more rapidly and 
economically, and with a better and more con- 


sistent quality, than with the traditional methods used 


formerly. 





Fig. |.—Twin pay-off reels and spare coils of strip at entry to No. | tinning line. 
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OPERATION OF THE TINNING LINE. 

Each line, approximately 390 ft. long, will handle 
coils of strip weighing up to 30,000 lb. and 72 in. in 
diameter, with a width of from 18 to 38 in., the strip 
being between -006 and -015 in. in thickness. Lines 2 
and 3 have a slightly longer plating section than Line | 
and are capable of depositing a greater thickness of tin 
on the strip. 

About 55 machines, totalling approximately 500 h.p., 
serve each line, the power for them being provided by 
one 510 h.p. main generating set, one 90 h.p. exciter 
set, and two 40 h.p. booster sets. Line 2 only has, in 
addition, a recoiling section which includes two 125 
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An electro-mechanical device, initiated by the 
operation of the shear, accurately inches and registers 
the sheared front end of the coil to overlap the tail end 
of the previous coil between the welding electrodes. 

After welding, the strip passes between entry pinch 
rolls into three deep looping pits, and thence over a 
drag magnet through entry bridle rolls and on to the 
cleaning, pickling, and tin plating sections. The 
sink roll motors of the plating and drag-out section are 
shown in fig. 4. 

The tin coating immediately after plating has a 
typical matt finish, characteristic of an electro- 
deposited metal. To improve the surface quality, the 





Fig. 2.—Uncoiler and entry pinch roll motors. 


h.p. motors, served by an M.G. set comprising a 200 
h.p. motor coupled to two 105 kW generators and two 
3 kW boosters. 

The normal speed of the lines is 800 ft. per min. but 
Line 2 can run at 1,250 ft. per min. if the strip is being 
recoiled instead of being sheared. 

Views of No. | tinning line are shown in fig. 1 and 2, 
and a schematic layout and simplified circuit diagram 
in fig. 3 ; the other two lines are similar except that 
No. 2 line includes recoiling equipment which is 
described later. Coils of strip are mounted on the 
pay-off mandrel, and the strip is guided through the 
carry-over and top shear pinch rolls and cut at the 
shear. The reason for cropping at this point is to 
ensure a square front end suitable for welding to the 
tail end of the previous coil. 


strip is guided through a muffle furnace, where, as it 
begins to descend after passing over the top roll, the 
tin melts under the influence of the conduction heating 
and spreads evenly to give a bright finish. 

The strip now passes through a chemical treatment 
section, is rinsed and oiled. Drive bridle rolls finally 
feed the strip on to the conveyor leading to the shearing 
or recoiling equipment. Before classification, the 
product passes over an instrument stand where it is 
examined for gauge defects and pin holes. 

Normally each section of the tinning line is controlled 
to run at the same speed, but when one of the pay-off 
reels is about to run out of strip, the speed of the 
whole line is reduced. The entry section is brought to 
rest and the plating section continues to run, using the 
reserve of strip from the three looping pits. During 
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control coils which balance 
when the voltages from the 
line speed-setting potentio- 
meter and the regulator posi- 
tion-reset potentiometer are 
equal. A further potentio- 
meter track on each regulator 
provides the speed reference 
voltage signal which controls 
the electronic amplifiers and 
thyratron units supplying the 
main generator fields. 

This speed reference signal 
is compared with the output 
voltage of the tachogenerator 
coupled to the driving motor 
of the section concerned. 

The difference in the two 

signals is fed to electronic 

amplifiers. At first this error 

will be a maximum and will 

decrease as the line speed in- 

creases, becoming zero when 

the particular section of the line 

reaches the required speed. 

this period, a new coil of strip from the other pay-off The speeds of the two looping pit motors are con- 

reel is automatically welded to the end of the previous trolled in a similar way. The output of each tacho- 

coil. After completing the welding 
operation, the entry section is inde- 
pendently run up to a speed which 
ensures that the looping pits refill. 
This is described in greater detail 
later. 

The strip must be kept under con- 
trolled tension throughout the entry 
and processing sections and there 
must be no possibility of the rolls 
slipping, with consequent damage to 
the surface of the strip. The problems 
arising from accurate speed and 
tension control involve some elabora- 
tion of the electrical control equipment, 
which is described in greater detail 
below. Views of the main switch- 
board and of the main control board 
for the tinning line are reproduced in 
fig. 5 and 6. 





Fig. 4.—Sink roll motors of the plating and drag-out section. 


SPEED CONTROL. 


Although the entry and processing 
sections of the line are capable of being 
independently controlled when a reel 
change is being made in the entry 
section, they normally run at the same 
speed and are controlled from the same 
speed-setting potentiometer mounted 
in the master control cabinet. Motor- 
operated regulators in the entry and 
processing sections are automatically 
positioned under the control of speed 
balance relays. These relays have two Fig. 5.—Relay and switchgear panels in the basement control room. 
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Fig. 6.—Main control board for the tinning line. 


generator coupled to the looping pit motors is compared 
separately with the output of the tachogenerator 
coupled to the drive bridle motor. The error signals 
are applied to amplifiers which energise the field of the 
appropriate looping pit generators and cause the 
looping motor speeds to change until the error is 
reduced to zero. 


TENSION CONTROL. 
The power required to drive the 
strip in the entry section is pro- 


portional to the product of strip ENTRY 
speed and strip tension. If the e.m.f. PINCH 
ROLLS A 


of the pay-off reel drag generator is 
made proportional to strip speed, then 
strip tension is proportional to the ar- 
mature current, hence to the armature 
current of the booster in series with it. 

Supplying the field excitation of the 
booster is an amplifier which com- 
pares the voltage obtained from a 
tension-controlling rheostat in the INT, 
control panel with the voltage from a 
reset signal energised from a shunt 
in the pay-off reel armature circuit. 
When these signals balance, the 
current, hence strip tension, is equiva- 
lent to that required. Any change in “Ly 
tension from the value preselected on 
the controlling rheostat alters the 
balance, which is automatically re- 
stored by the amplifier. 
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When a speed change occurs, an acceleration 
compensation winding is energised from the 
pilot exciter driving the motor regulators. 
This winding opposes the current-setting 
winding when accelerating and reinforces it 
when decelerating in order to compensate for 
the large inertia of the reel. 

When the pay-off reel is running lightly 
loaded, or if the strip should break, the current 
reset signal would become virtually zero and 
the tension-setting winding unopposed. In 
such circumstances a voltage limit winding 
prevents the amplifier output from rising to a 
high value. 

Tension control in the processing section is 
achieved in a similar way. In order to main- 
tain constant tension in the entry section when 
the pay-off reel diminishes in diameter, an 
additional amplifier is incorporated to control 
the pay-off reel drag generator field. 

The function of this amplifier is to maintain 
the generated e.m.f. of the pay-off reel equal 
to the back e.m.f. of the entry pinch roll 
motor. This is achieved by exciting one 
amplifier control winding from the booster 
armature voltage and the other from the sum 
of the voltage drops in the shunts of the pay-off 
reel drag generator and entry pinch roll motor 
circuits. The circuits are so designed that, 
when these signals balance, the pay-off reel 
generated e.m.f. and entry pinch roll back e.m.f. are 
equal. 

Since the entry pinch roll motor has a constant field 
excitation, its back e.m.f. is proportional to line speed, 
hence the pay-off reel drag generator e.m.f. is also 
made proportional to line speed irrespective of reel 
diameter. 

In order to preserve a constant strip tension through- 
out this section, the intermediate rolls in the cleaning, 
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Fig. 7.—Diagram of looping pits and photoelectric cell units. 
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pickling, plating and chemical treatment parts of the 
section are coupled to small motors which provide just 
enough power to overcome the roll and strip friction 
losses. 

The intermediate roll motors are grouped and con- 
nected in parallel, each group having a booster in 
series with it and the field circuit of each group booster 
being controlled by a magnetic amplifier. Constant 
current, hence constant torque, is maintained in each 
motor of each group irrespective of line speed. 


LOOPING PIT CONTROL. 

When the strip from one pay-off mandrel is nearly 
exhausted, the speed of the line is reduced, after which 
the entry section is brought to rest while the processing 
section continues to run. During this period a new 
coil of strip from the other pay-off mandrel is welded 
to the tail end of the stationary preceding strip in the 
entry section. 

In order to make it possible for the entry section to be 
stopped while the processing section continues to run, 
a looping section is provided from which a large 
reserve supply of strip can be drawn by the processing 
section. 

The looping pit control has to perform three separate 
functions : 

1. Maintain the three loops of strip at their 
lowest position in the pits during steady running 
conditions. 

2. Permit the three loops to rise at the same rate 
when the entry section stops during the welding 
operation. 

3. Cause the loops to extend to 
their lowest positions after the 
new strip has been welded. 

Fig. 7 shows diagrammatically the 

looping pits and associated rolls. As 


C in fig. 7) is the drive bridle tachogenerator voltage, 
which is compared with the voltage generated by the 
tachogenerator coupled to the looping motors. The 
error volts are amplified and fed into the fields of the 
appropriate looping motor generators, causing a 
change in speed until the error diminishes to zero. 

Thus the speeds of the rolls A, B, C and D are 
governed by the output of a tachogenerator, each 
working in a closed loop system of speed control. 

Overriding the closed loop speed control signals of 
rolls A, B and C are further signals originating from 
photo-electric cell units disposed at various depths in 
each looping pit, as shown diagrammatically in fig. 7. 

During normal running, the strip interrupts the beam 
of light between photo-electric units 5, 1 and 2 and no 
correction signals are applied. As the loop slowly 
descends, it obscures unit 3 and the speed of the rolls 
feeding the pit in question is reduced by 5 per cent. 
This causes the loop to rise again, so that in operation 
it is made to float between photo-electric units 2 and 3. 

Similarly, if the loop moves upwards to expose unit 
2, the rolls increase in speed by 5 per cent. Any further 
ascent of the loop in pit 1 only exposes photo-electric 
unit 1, which causes the speed of the strip entering this 
pit to increase by 15 per cent but does not influence 
the speed of rolls B and C feeding pits 2 and 3. 

When a coil is about to run out, the following 
sequence of operations takes place. Reference potentio- 
meters for the entry and processing sections of the line 
are adjusted in step to bring down the speed of the 
line. The entry section potentiometer is then rotated 










explained in the section on speed 
control, the speed of the processing 
section, hence of the entry bridle 
rolls (rolls D in fig. 7), is determined 
by the speed reference signal derived 
from the tachogenerator coupled to 
the drive bridle motor. This signal is 
compated with that obtained from a 
reference potentiometer, the difference 
being amplified and applied to the 
field of the processing section genera- 
tor, the output of which increases or 
decreases and causes an alteration in 
speed until the signals are equal. 

The entry section speed (rolls A in 
fig..7) is similarly determined by the 
signal derived from a_ reference 
potentiometer which is normally set 
to the same position as the reference 
potentiometer in the processing section 
during normal running, this ensuring 
that the entry and processing sections 
run at the same speed. 

The speed reference for the inter- 
mediate looping motors (rolls B and 
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Fig. 8.—Simplified circuit diagram of tachogenerators. 
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to bring that portion of the line to a halt and the photo- 
cell units are disconnected. When the entry section 
stops, rolls A (fig. 7) also stop and the output of the 
tachogenerator (7.G.a fig. 8) becomes zero. It will be 
clear from fig. 8 that the reference voltages for the 
looping generator amplifiers B, and C, will become 
one-third and two-thirds of the volts generated by 
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across the load R,, is added to the standing bias across 
R,,; applied to the grid and cathode of valve V;, and the 
output is produced across R;. The resulting signal is 
fed to the cathode of conventional bi-phase, bias- 
controlled thyratrons which supply the generator field 
circuit. 

Fig. 11 shows each of the loop irimming circuits with 
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T.G.d and the looping motors will run at speeds of one- 
third and two-thirds that of rolls D, which will result 
in the loops of strip rising at the same rate. 

After the new strip of coil has been welded, the 
entry section is run up to speed again and the photocell 
units are reconnected. A trimming signal from the 
photocell unit in Pit 1 causes the entry section (rolls A) 
to overspeed by 15 per cent. This in itself causes the 
reference voltages applied to the looping generator 
amplifiers (B, and C,) to increase by 10 per cent and 
5 per cent respectively, producing a similar speed 
increase. 

In addition, the photocell units which are in Pits 2 
and 3 impose a further speed increase of 5 per cent, 
resulting in rolls B and C overspeeding by (10-+-5) 
per cent and (5-+-5) per cent respectively. Pit No. 3 
will therefore fill most rapidly, Pit No. 2 at two-thirds 
this rate and Pit No. | will not begin to fill until Pit 
No. 3 is full. 


PHOTOELECTRIC CELL SPEED TRIMMING CIRCUIT. 

Fig. 9 shows a simplified circuit diagram of the 
electronic amplifiers (seen also in fig. 10), the outputs of 
which, applied to the respective generator field circuits, 
control the speed of rolls A, B and C. Besides the 
error signal fed into each amplifier derived from the 
tachogenerators, a trimming signal from the photocell 
relays is also injected which modifies the bias applied 
to the grid of valve V,. The amplified signal developed 





Fig. 10.—Magnetic and electronic amplifier section of main 
switchboard. 
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relays 1, 2, 3 and 4 energised by the photocell units in 
the looping pits. When the loop is in its normal 
working zone, all relay contacts are open, and the 
voltage applied to the amplifier is a small bias when the 
thyratron output is just sufficient to counterbalance 
the zero compensating field of the generator, which is 
adjusted by the variable potentiometer. 
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Fig. 11.—Simplified circuit diagram detail of loop trimming 
circuits. 


If the loop descends to obscure one photoelectric 
unit, relay 2 closes, and a signal equivalent to a speed 
decrease of 5 per cent is produced in the amplifier 
controlling the rolls feeding into that particular pit. 
if the loop descends still further, relay 1 closes in 
addition, causing a 15 per cent speed decrease. Like- 
wise, when the loops move upwards, similar speed 


increases occur with the exception mentioned earlier of 
the rolls feeding into pits 2 and 3 which can only 
increase in speed by 5 per cent under the influence of 
these particular trimming signals. 


RECOILER SECTION. 


Tinning lines 1, 2 and 3 are equipped with a shear 
and classifier section to which the tin plate is fed for 
cutting into sheets, but in addition line 2 is equipped 
with recoilers. 

The normal speed of tinning lines 1 and 3 is 800 ft. 
per minute but in line 2 the speed can be increased to 
1,250 ft. per minute when the tin plate is being re- 
coiled instead of being cut into sheets. Two recoiler 
mandrels alternately take up the strip. Each is coupled 
to a 125 h.p. motor controlled by the output of a 
105 kW generator which also supplies a deflector roll 
associated with it. 

Fig. 12 shows a simplified circuit diagram of each 
recoiler motor and generator. The current in the 
recoiler motor is proportional to the armature current 
flowing in series with the generator. This current is 
controlled and maintained approximately constant by 
a magnetic amplifier feeding the generator field. 

The amplifier receives a signal from the tension- 
setting potentiometer, against which it balances a 
further signal derived from the motor compoles. The 
speed of the recoiler motor is controlled by a further 
magnetic amplifier which supplies its field and derives 
a signal from the line speed reference potentiometer. 
This reference signal is balanced by a signal taken 
across the motor armature, and has subtracted from it 
another signal from the motor compoles which is a 
measure of the motor speed and equal to the armature 
volts minus the resistance drop. 

Assuming that the line is running at constant speed, 
as the coil builds up in diameter the motor speed falls, 
and to maintain the armature back e.m.f. constant, the 
amplifier increases the output to the motor so that the 
torque increases. 
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Fig. 12.—Simplified circuit diagram of recoiling section (line 2 only). 
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An acceleration-compensating signal, initially de- 
rived from the armature of the pilot motor which 
drives the line speed regulator, causes the output of the 
generator field amplifier to increase when the line is 
accelerated and decrease when it is decelerated. The 
power fed to the recoiler motor is thus correspondingly 





Fig. 13.—Magnetic amplifier section of main switchboard. 
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increased or decreased by the right amount to counter- 
act the effect of the high inertia of the recoiler when a 
change occurs in the speed of the line. 

The magnetic amplifier section of the main switch- 
board is show in detail in fig. 13. 


RECOILER CHANGEOVER. 

When one recoiler is nearly full the strip is trans- 
ferred to the other empty mandrel in accordance with 
the following sequence of operations. 

The empty mandrel is run up to a peripheral speed of 
500 ft. per min. The line with the loaded mandrel 
drops in speed and when it falls to 500 ft. per min. a 
limit switch on the line speed regulator closes and trans- 
fers control of the empty mandrel to the same speed 
reference as the other. The speed of both recoiler 
motors then continues to fall until the line reaches 
200 ft. per min. 

At this speed the snip shear is operated and the 
leading end of the strip is guided on to the empty 
mandrel by threading guides and belt wrappers, the 
fully-charged mandrel being brought rapidly to rest 
by the application of regenerative braking. After with- 
drawal of the belt wrappers and guides, the newly- 
charged mandrel can be accelerated up to speed with 
the other sections of the tinning line. 
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330,000 Volt Oil-filled 
Cable for Australia. 


Unloading one of six 550 
yd. drums of Pirelli-General 
330 kV oil-filled cable at 
Sydney for the Snowy Moun- 
tains hydro-electric scheme 
in New South Wales. This 
is the highest working volt- 
age cable ever made in 
Great Britain. 
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The G.E.C. Power Manipulator 


By D. J. INGRAM, G.1.Mech.£., and B. H. STONEHOUSE, B.Sc.(Eng.), A.M.I.E.E., 
Atomic Energy Division. 


URING the last decade there has been an in- 
creasing demand for remote-handling apparatus 
for use in situations where it is undesirable, or 

impossible, to employ a human operator. Such condi- 
tions are to be found in certain chemical plants where 
poisonous atmospheres or hazardous processes are 
involved, and in the nuclear energy field where toxic 
or radioactive materials must frequently be handled. 

Initially, cells for radioactive work were small, and 
hand-operated manipulators were quite sufficient for 
all general purposes. With the increasing radio- 
activity, size, and weight, of the items being handled, 
however, the need arises for larger, more heavily 
shielded cells, of which a typical arrangement is 
shown in fig. 1. In such situations, hand-operated 
manipulators have not the capacity for dealing with 
the heavier work required, and power-operated 
manipulators have therefore been developed for such 
duties as dismantling radioactive plant, positioning 
heavy specimens in specialised apparatus, and the 
wielding of hand- and power-operated tools. 

The power-operated manipulator described in this 
article is the mechanical equivalent of a human arm 








and hand, although it is, in some ways, capable of a 
greater range of movements than its human counter- 
part. The shoulder joint is mounted on a set of tele- 
scopic tubes suspended from a crab, so that it has 
unrestricted freedom of movement within a large 
working volume. The machine is controlled from a 
small console which can be positioned outside the 
viewing window or at some remote point if closed- 
circuit television is available. 

The principal requirements of such a machine are 
that it shall be compact, reliable, and suitable for the 
ambient conditions. As it may have to work in proxi- 
mity to large sources of gamma radiation, special 
attention must be paid to the design of all non-metallic 
parts such as electrical insulators, lubricants, and 
paints, which may deteriorate under such conditions. 

The importance of compactness in the design is 
that it ensures that the operating headroom in the 
cell is kept to a minimum, that the necessary width 
of the shielding doors between cells is small, and that 
the manipulator does not foul, or obstruct the opera- 
tor’s view of, other items of plant in the cell. These 
features represent distinct overall economic advantages 
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Fig. |.—Typical plan arrangement of cells for radioactive work, showing position of windows, 
hand and power manipulators, and sliding doors. 








154 G.E.C. JOURNAL 


since the extra construction costs introduced by in- 
creasing the dimensions of the cell or of the doors are 
very high. In addition, a compact, clean-lined machine 
is easier to cover with protective bagging and to 
decontaminate. 

The need for a high degree of reliability for a machine 
working in radioactive areas is self-evident, even 
though provision is made in the design for removing 
the manipulator from the area in the event of a fault. 
Reliability also results in longer periods between 
overhauls, which are complicated by the need for 
decontamination of the machine. 


MECHANICAL CONSTRUCTION. 

The manipulator (fig. 2) consists of a grasping device 
carried on a wrist, capable of continuous rotation, 
which is supported from a forearm, upper arm, 
and shoulder. The arm joints are designed so 
that each section can rotate through 180 
about its pivot, while the shoulder joint can 
rotate continuously about a vertical axis. 

The shoulder is mounted in the base of a set 
of vertical telescopic tubes, the upper section of 
which is rigidly fixed to a crane-type carriage. 
This carriage can be traver; 4 across a gantry 
spanning the working area «ud travelling on 
longitudinal rails mounted near the top of the 
walls of the cell. The manipulator can thus be 
positioned anywhere over a large working area. 
The gantry also supports a 1}-ton (1-52-tonne) 
electric hoist with a cross-traverse parallel to 
that of the manipulator carriage. This hoist 
can be used for normal lifting duties and for 
supporting equipment on which the manipu- 
lator is working. 

The telescopic tubes, which are housed in the 
carriage when in their stowed position, have a 
positive raise and lower action, the sliding 
movement between tubes being taken on anti- 
friction bearings running on _ stainless-steel 
paths. The driving motor for the tubes is 
mounted in the carriage. 

The lowest tube houses three drive units, one 
for shoulder rotation, one for the shoulder 
pivot by which the upper arm is moved, and 
one for the elbow pivot which controls the 
movement of the lower arm. The drives to the 
two pivots are transmitted through sets of 
gears mounted in the shoulder casting, fol- 
lowed, in the case of the elbow pivot, by a 
train of spur gears inside the upper arm. A 
20-way slipring column, through which the 
electrical connections to the rotating section of 
the manipulator are made, is also housed in the 
lowest telescopic tube. 

Mounted on the lower arm are two drive units, one 
for the wrist which gives continuous rotation in either 
direction, and the other for the grasping device. —Two 
such devices are normally supplied. The more versatile 
of these takes the form of a hand (seen in fig. 2 and 4) 
with two jaws capable of a maximum opening of 5 
in. The jaws are opened and closed by means of a 
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parallelogram linkage driven by a rack which, in turn, 
is coupled to the drive unit by a differential gear. 
The torque on the arm of this gear is used to provide 
an indication of the grip pressure applied by the jaws, 
a spring deflected by movement of the arm being 
arranged to actuate a transducer. 

The alternative device, which is mainly used for 
lifting duties, comprises a hook (fig. 3) which can be 
driven against an anvil. The same drive unit is used 
for both the hook and the hand. 

The grasping devices can be interchanged remotely. 
The device already attached to the manipulator is 
driven into a fixture which grips it firmly and, at the 
same time, releases a locking ring on the wrist. The 
wrist is then rotated until the device frees itself. The 
other device, which is housed in another fixture, can 





Fig. 2.—The power manipulator, showing hand type grasping device. 


then be attached to the manipulator by carrying out 
the reverse process. 


ELECTRICAL DRIVES AND CONNECTIONS. 

In the design of the electrical equipment situated 
inside the working area, particular care has been 
exercised in the selection of materials so as to ensure 
that the machine will have the longest possible life 
under the effects of gamma radiation. As far as 
possible, therefore, the use of organic insulating 
materials has been avoided. 

As the operator can at all times see the manipulator, 
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either directly or through some _ remote-viewing 
device, he is given control of the speed of movement 
rather than direct absolute position control. He can 
vary the speed of each motion over a range of 8 to 1. 

All the motions are powered by variable-frequency, 
3-phase, squirrel-cage induction motors. This type 
of machine was selected on account of its robust 
construction, compact size, freedom from brushgear, 
and the fact that no insulating material is required in 
the small rotors. The stator windings are of wire 
insulated with silicone and glass, and the slots are 
lined with mica. The solid insulation is made of 
silicone-bonded glass laminates. 





Fig. 3.—Hook device for power manipulator. 


The small motors used for powering the arms of the 
manipulator are fitted with integral electromagnetic 
brakes which operate from the motor flux. The 
brake-linings are of phenolic-bonded asbestos which 
was chosen for its resistance to gamma-radiation 
damage. The larger motors for the long-travel, cross- 
traverse, and telescopic-tube drives are provided with 
separate shoe brakes having silicone-and-glass-insulated 
coils. All these brakes are essentially for holding 
purposes to ensure that there is no movement in the 
event of a power failure. 

Limit-switches are provided at both ends of the 
travel of each component to prevent any damage to the 
machine due to overrunning. The wiring of the mani- 
pulator is carried out in a specially selected p.v.c. cable, 
p.v.c. being used in preference to polyethylene insula- 
tion because it remains more flexible up to quite high 
gamma-radiation dosages. The connection between 
the head and the base of the telescopic tubes consists of 
a self-coiling multicore cable which is normally stored 
in a cylinder at the base of the tubes. Those cables 


which are most likely to sustain damage are equipped 
with plugs and sockets so as to facilitate replacement. 
The plugs, the sockets, and the enclosures of the 
motor terminals, are suitable for hosing with water, 
while they are live, for decontamination purposes. 

The structure of the 20-way slipring column in the 
lower telescopic tube is fabricated entirely from 
““ Micalex”. The connections are made by means of 
silver-graphite brushes rubbing on silver sliprings, 
two brushes being used per ring. 

The electrical supply to the manipulator is carried 
by a p.v.c. multicore cable resting on sheaves mounted 
at intervals along the side of the gantry track. A 
weighted take-up pulley is employed as a means of 
storing the cable. 


PERFORMANCE. 

The performance data for each of the manipulator 
motions are listed below, all figures being maxima. 
The speed of each movement can be controlled down 


to one-eighth of the maximum value. 


Hand. 
Open distance 5 in. 
Grip force on 150 Ib. 
Speed of closing ... 23 in./min. 
Hook. 
Open distance —— | * 
Speed of closing ... ... 63 in./min. 
Load lift limit (all arm 

components vertical) ... 750 lb. 
Wrist. 
Torque _— 40 Ib. ft. 
Rotational speed ... 7:5 rev./min. 
Limit of rotation Infinite 
Elbow pivot. 
Torque sis 150 Ib. ft. 
Rotational speed ... 0-75 rev./min. 
Limit of rotation +90 
Shoulder pivot. 
Torque wi 150 Ib. ft. 
Rotational speed +.. 0-75 rev./min. 
Limit of rotation +90 
Shoulder rotation. 
Torque ial 50 Ib. ft. 
Rotational speed ... 4-4 rev./min. 
Limit of rotation Infinite 
Telescopic tubes. 
Load limit _ 750 Ib. 
Speed of closing ... 15 ft./min. 
Limit of travel 87 in. 
Cross travel of carriage. 
Speed 15 ft./min. 
Travel range 37 in. less than track 

centres 
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Long travel of gantry. 
Speed 
Travel range 


Hoist block. 


15 ft./min. 
Governed by track length 


Speed of cross travel 15 ft. /min. 

Speed of hoist 26 ft./min. 

Hoist load .. L}ton 

Travel range a ... 44 in. less than track 


centres 


CONTROL EQUIPMENT. 

The complete operation of the manipulator is con- 
trolled by a single operator from a small console (fig. 4) 
which can be conveniently located according to the 
viewing arrangements and which is readily moveable 
from one viewing position to another. 

The variable-frequency supply for the manipulator 
driving motors is obtained from small motor-alter- 
nator sets which are housed, together with their asso- 
ciated control gear, in a separate floor-mounted 
cubicle. The alternators, which have a fixed excita- 
tion, are driven by variable-speed d.c. motors. Speed 
variation is obtained by means of magnetic-amplifier 
control in the armature circuits, the resulting outputs 
ranging from 14 to 110 volts and from 12-5 to 100 c/s. 
The control windings of the magnetic amplifiers are 
fed from potentiometers which are coupled to two 
** joysticks ”’ mounted in the front face of the console. 

All the movements of the manipulator are controlled 
by means of these two joysticks. The joystick handles 
have simultaneous freedom of motion in three direc- 
tions—perpendicular to the mounting face, up and 
down, and from side to side ; a fourth motion is ob- 
tained by turning the handle through an angle of 
60° about its own axis. Each of these motions is 
associated with a corresponding movement of one of 
the manipulator components, as shown in fig. 5, the 
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Fig. 4.—Control console. 


degrce of displacement of the joystick being propor- 
tional to the speed of the corresponding manipulator 
movement. The motions of the joysticks are arranged 
to follow logically those of the manipulator. This 
feature enables a relatively unpractised operator to 
control the machine with ease. 

The joysticks are fitted with centre-return springs, 
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Fig. 5.—Table of manipulator movements with corresponding joystick movements. 
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and each handle incorporates a “ dead-man” grip. 
This device ensures that, once the handle is released, 
there can be no movement of the manipulator, thus 
preventing inadvertent operation. 

The control for the hand or hook has been designed 
so as to permit adjustment of both the closing speed 
and the grip force. These two features are incor- 
porated in one joystick motion so that low grip force 
is associated with low speed since a high speed of 
closing on to a delicate object is not a natural require- 
ment. Once the jaws are closed, the grip force can be 
increased simply by displacing the joystick further 
from the central position. 

The outward thrust or grip force between the hand 
jaws is indicated on an instrument mounted on top of 
the console. This instrument is non-linearly scaled 
0 to 150 lb. so that the 15 lb. graduation is in the mid- 
scale position, thus ensuring adequate sensitivity of 
indication when handling light or fragile objects. A 
further indication of grip force is provided in the form 
of an audible signal from a variable-frequency oscil- 
Istor so that the operator can, when necessary, con- 
centrate on watching the manipulator. 

Switches for controlling the hoist block and for 


locking any of the manipulator motions in a given 
position are provided on the top of the console. 


ADAPTABILITY. 


The basic elements of the manipulator can be 
assembled in a variety of ways to fit different sizes of 
cell, and for other forms of mounting than from a crab 
moving in a horizontal plane. This adaptability and its 
general flexibility of movement make the machine 
suitable for a wide range of operations. 


COLLABORATION IN DESIGN. 


Although the main design of the manipulator has 
been the work of the Atomic Energy Division, this 
machine was produced by the co-operative effort of 
several sections of the Company. The electrical 
control gear has been developed by the Witton Works, 
the four-motion joystick by Salford Electrical Instru- 
ments Ltd., and the mechanical parts by the Erith 
Engineering Works. The manipulator will be among 
the Company’s exhibits at the Second International 
Exhibition of the Peaceful Uses of Atomic Energy 
(Atoms for Peace) in Geneva from September | to 14. 





G.E.C. at the Hanover Fair 











The Company’s stand at Hanover was the only display in the heavy electrical equipment section 
by a major British electrical firm. 
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Fig. |.—Hams Hall *‘ C’’ power station. 


AMS PARK, nine miles north-east of Birming- 
ham, was purchased in 1919 by the City of 
Birmingham for the development of its Elec- 

tricity Supply Department. In the ensuing years three 
power stations have been built on the Hams Estate, the 
opening of the third, Hams Hall “C” (fig. 1), on 
May 9, bringing the total installed capacity on the site 
up to 930 MW—the largest concentration of generating 
plant in Europe. Of the six G.E.C. 60 MW sets 
supplied for the new “ C ” station, the first five were 
commissioned within the remarkably short period of 
68 weeks and all six have been in operation since May 
with a very high availability factor. Complete sets and 
alternators supplied by the Company for the “A” 
station, opened in 1929, totalled 240 MW, so that the 
combined G.E.C. contribution to the site is 600 MW 
of main generating plant. All the high-tension 
switchgear installed during the development of the 
“A” station was also supplied by the G.E.C., to- 
gether with much of the auxiliary switchgear. At the 
“* B” station the Company supplied the 3.3 kV switch- 
gear for the last three machines to be installed. 

The new “ C” station stands to the south-east of 
Hams Hall “A” and “B” and is situated on a 
plateau at the apex of the triangle of sidings serving 


all three stations. A new bridge has been built over 
the sidings at one point to carry the access road. The 
River Tame flows through the southern part of the 
site before turning north to form its eastern boundary, 
and on its west bank a pumping station has been 
built to supply make-up water for the three cooling 
towers. Boiler make-up water is taken from the City of 
Birmingham Water Department via the Whitacre 
pumping station through an existing 12 in. ring main 
serving also the “ A” and “ B ” stations. 

In the turbine house, which is 644 ft. long and 
80 ft. high, the six 3,000 r.p.m. 60 MW hydrogen- 
cooled turbo-alternators (fig. 2) are arranged longi- 
tudinally in two groups of three about the transverse 
centre-line of the station with the steam ends of each 
group facing each other. The sets operate at a steam 
pressure of 900 p.s.i.g. and at a temperature of 900 
deg. F. at the turbine stop valve. Each machine has 
its own motor-driven exciter situated in the switchgear 
bay at operating floor level alongside the machine it 
serves ; a seventh exciter is available as a stand-by. 
The exciter sets were supplied by the G.E.C. and each 
consists of a 222 kW main exciter with direct-coupled 
pilot exciter, driven by a 325 h.p. induction motor, 
which is started direct-to-line. 
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Fig. 2.—One of the turbines and its auxiliaries. 


Each generating unit, comprising the turbo-alter- 
nator with its condensing and feed-heating plant, to- 
gether with its boiler and associated dust extraction 
plant, is controlled from a single board on the operating 
floor between the turbine and its boiler. The boards 
are built to form three sides of a square, the open sides 
facing the turbines. In addition, a supervisory panel is 
situated near the governor end of each set for recording 
relative displacement of the turbine rotating and 
stationary blades, shaft eccentricity, speed, etc. 

For the twin condensers and other auxiliaries 
associated with the turbines, some 72 motors have 
been supplied, those driving the twelve condenser 
extraction pumps being rated at 185 h.p. 

The alternators generate at 11-8 kV and are con- 
nected directly to six 11-8/132 kV, 72,000 kVA genera- 
tor transformers (fig. 3) with on-load tap-changing 
switches giving a voltage variation of plus or minus 
10 percentnominal. Cooling is by forced oil circulation 
with air blast. The transformers feed the reconstructed 
132 kV substation, which now controls four connections 
to the adjoining 275 kV Supergrid substation as well as 
outgoing 132 kV feeders. Two 10 MVA, 132/3-45 kV 
station transformers have been supplied for the starting 
and standby power requirements of all six sets. 

A complete metering installation covering the six 
generators with their unit transformers and also the 





two station transformers was supplied by 
Chamberlain & Hookham Ltd. The facilities 
include summation metering, maximum de- 
mand indication, and printometers for providing 
a permanent record of maximum demand. 


OPENING CEREMONY. 

The station was officially opened on May 9 
by Lord Citrine, P.C., K.B.E., LL.D., 
Comp.I.E.E., who was Chairman of the Central 
Electricity Authority from April, 1948, to 
December, 1957. In his speech on this occasion, 
Lord Citrine commerited on the increased 
efficiency of electrical generation which had 
accompanied the development of the Hams 
Hall site. With the “ A ” power station, which 
was started in 1926 and completed in 1938, the 
thermal efficiency was 22 per cent ; with the 
“B” power station, started in 1939 and com- 
pleted in 1949, the thermal efficiency was 26-79 
per cent ; with the “ C ” power station the ther- 
mal efficiency would be raised to 29-17 per cent. 

The total capacity of the generating plant in 
the country now amounted to 24,215,000 kilo- 
watts, of which 4,821,000 kilowatts was within 
the area of the Midlands Region, and 2,490,000 
kilowatts within the Midlands Division. The 
“A” and “B’” stations at Hams Hall owed 
their origin to the enterprise of Birmingham 
Corporation, which had been the largest muni- 
cipal electrical undertaking in the country. 
Birmingham Corporation had been the first 
body to experiment on a large scale with 
pulverised fuel. 





Fig. 3.—One of the six 72 MVA generator transformers with 
on-load tap-changing switches. 
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Propulsion Equipment of a 
Diesel-electric Pilot Vessel 


By C. SMITH, a.M.1.£.£., M.1.Mar.E., Manager, Marine Department, 
and J. G. F. DERRINGTON, Witton Engineering Works. 








Fig. |.—The Mersey pilot vessel *‘ Arnet Robinson’’. 


HEN the Mersey Docks and Harbour Board 
was formed one hundred years ago, the port of 
Liverpool was served by twelve licensed pilot 

vessels of between 40 and 60 tons. Although the Board 
had the exclusive regulation of pilots and pilot boats 
from 1859, the vessels themselves remained privately 
owned until powers were granted in 1881 for the 
purchase of the entire fleet. At that time all the pilot 
ships were sailing craft. The schooners and cutters 
used were sufficiently distinctive for both to become 
the subject of models among the sailing ship exhibits 
at the Science Museum, South Kensington, where the 
features of these early bearers of the title “ Liverpool 
Pilot ” can be studied today. 

In 1896 the introduction of the first steam pilot boat 
on the Mersey marked the change to the modern 
system of larger and fewer vessels, but the last of the 
sailing craft was not withdrawn until 1904. Since the 
second World War the change from steam to diesel- 
electric propulsion has been undertaken, beginning 
with the pilot vessel “ Sir Thomas Brocklebank ” in 
1950. This was followed by the “ Edmund Gardner ” 
in 1954, and, with the delivery earlier this year of the 
“ Arnet Robinson ”’, the present pilot fleet consists of 
three diesel-electric ships and one with steam propulsion. 


The G.E.C. has been the main contractor for the 
power plant of the three diesel-electric pilot ships, 
which are of 700 tons gross and provide accommodation 
for thirty pilots. All have been built by Phillip & Son 
Ltd., of Dartmouth. Their rota of duties is arranged so 
that one vessel cruises off Point Lynas, Anglesey, 
where the Board maintains a lighthouse, while a second 
is stationed near the Bar Lightship, which marks the 
entrance to the dredged channels, at a point some 14 
miles from the dock system. Of the remaining two 
vessels, one acts as a tender and the other stays in dock 
as a standby. 

A diesel-electric installation for a pilot ship has the 
special advantage, in addition to its other well-known 
characteristics, that when only a low output is required 
for keeping station, the auxiliary services supplied 
from the engine-generator set in use help to provide the 
necessary minimum load for economic operation of the 
diesel engine 

Each of the two engine-generator sets (fig. 2) in the 
“* Arnet Robinson ” consists of a six-cylinder National 
type F4AU6 engine direct-coupled to G.E.C. main and 
auxiliary generators arranged in tandem. Propulsion at 
propeller revolutions from 75 to 80 per cent of normal 
can be obtained with only one engine and generator in 
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Fig. 2.—Main engine-generator sets. 


use. When full power is required, the second set can be 
run up to speed and its generator connected in the 
propulsion circuit with only a momentary interruption 
of power to the propeller shaft. 

The diesel engines are pressure-charged by exhaust- 
driven turbo-blowers. Cooling is by a closed circuit 
system in which fresh water circulated by a vertical- 
spindle pump passes through a heat-exchanger which 
is supplied with salt water by a self-priming pump. 

The main generators each have an output of 375 kW 
at full-load current of 1,010 amp when running at a 
constant speed which can be fixed on trials at any 
figure between 465 and 520 r.p.m. They are of the 
separately-excited shunt field type and take their 
excitation via the control circuits from the auxiliary 
busbars. 

Each auxiliary generator has an output of 80 kW at 
220 V d.c. These machines are of the level-com- 
pounded type with self-excited shunt fields, and are 
arranged to run in parallel. The field regulators are 
mounted on the five-panel auxiliary switchboard. 

A 60 kW engine-generator set, powered by a 
National type M4A3 three-cylinder engine, is installed 
in the engine room for port and standby duties. 


PROPULSION SCHEME. 


The propulsion motor of the “ Arnet Robinson ” 
(fig. 3) is a single-armature, separately-excited, shunt- 
wound machine with an output of 920 h.p. at 300 r.p.m. 
It is supplied normally by both generators in series. 
Speed is controlled by varying the generator excitation, 
and the motor is reversed by automatic changeover 
of the connections to the control potentiometer 


and the field according to the 
direction in which the control 
handwheel is moved from its 
central “off” position. A 
separate isolator cubicle for 
each generator enables either 
machine to be taken out of 
the generator/motor loop 
circuit and by-passed when 
only one engine-generator 
set is in use for any reason. 
On the control desk (fig. 
4), situated between the two 
isolator cubicles, a main 
handwheel operates a cam- 
shaft controller for adjust- 
ment of propulsion motor 
speed, and also sets up the 
connections for the desired 
direction of rotation accord- 
ing to whether it is turned 
from “off” towards ‘“‘ahead” 
or “astern”. Eight speed 
notches are provided in each 
direction, and on the first two 
of these, ahead or astern, five 
vernier settings selected by 
a subsidiary handwheel are 
available to give very small increments of speed. This 
fine adjustment enables the speed to be accurately 





Fig. 3.—The single-armature propulsion motor. 
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Fig. 4.—Control desk and isolator cubicles. 


controlled so as just to meet wind and tide conditions 
when the vessel is keeping station. 

The main control wheel is interlocked mechanically 
with the isolator cubicles so that the isolators cannot be 
operated unless the former is at “off”. A small 
control wheel on top of the desk operates a master 
contactor controlling the excitation circuits and the 
propulsion motor cooling fan. The contactor can be 
closed only when the main control handwheel is at 
“ off ” and the generator isolator cubicles are correctly 
set up. A propeller speed indicator on the desk is 
fed from a tachogenerator mounted at the commutator 
end of the propulsion motor and is connected in 
parallel with a similar instrument on the bridge. 

While operating the control desk handwheels, the 
engineer faces the engines and generators and can 
therefore observe them while manoeuvring. The 
engine speed indicators, on each isolator cubicle, are 
moving coil voltmeters with evenly-divided scales 
marked in r.p.m., and incorporate small rectifiers for 
converting the a.c. from the tachogenerators driven by 
the engines. Underspeed relays, also with rectifier-fed 
d.c. movements, are connected in parallel with the 
speed indicators. The relay contacts are held open 
when the engines are running at normal speed, but a 
fall in speed of approximately 20 per cent causes the 
contacts to close and to energise the engine speed 
alarms. 
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PROTECTION AND ALARMS. 

Engine overloads caused 
by rapid manoeuvring are 
prevented by the G.E.C. 
relay-operated anti-stalling 
device. The centre point of 
the propulsion generator 
propulsion motor loop is 
earthed via an earth leakage 
relay and contactor, so that 
the voltage from any part of 
this circuit to earth is 
approximately that of one 
generator. In the event of an 
earth developing at any other 
part of the circuit, a current 
flows through the earth- 
leakage relay and if it exceeds 
24 amp causes the contactor 
to open. The circuit is then 
left with an earth connection 
at the point of fault, and 
operation can continue for a 
short time until the fault 
can be cleared. Energisa- 
tion of the relay causes an 
alarm to be sounded. 

Protection against one generator being motored by 
the other in the event of an engine failure is given by 
taking the excitation circuit of each main generator 
through one pole of the circuit-breaker controlling the 
output from its associated auxiliary machine. This 
circuit-breaker trips on reverse current and so inter- 
rupts the excitation of the main field. 

Alarms are indicated on a panel with twelve stencilled 
notices of normal and abnormal conditions. The 
“normal ” stencils are illuminated in green when all 
is in order, but a fault causes the appropriate identifi- 
cation panel to be illuminated in red, a Klaxon horn 
being sounded at the same time. 

All the equipment described is accommodated in 
one engine room amidships, which is insulated by 
sound-absorbent material. The main propulsion and 
other heavy current circuits are carried in cambric- 
insulated, lead-covered and braided cables, and the 
general ship wiring is in vulcanised rubber insulated 
lead-covered cable, all of which has been supplied by 
the G.E.C., which also provided the major part of the 
electrical installation of the ship. 
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Ore Handling Plant 
for Colvilles Steelworks 


By PHILIP RABONE, A.8.S.M., D.I.C., M.I.M.M., and G. D. REEVES, a.M.1.Mech.£., 
Erith Engineering Works. 





Fig. |._—The plant at General Terminus Quay seen from the north bank of the River Clyde. 


COMPLETE handling plant for unloading iron 

ore from ships and transferring it to railway 

wagons has been installed at General Terminus 
Quay, on the River Clyde in Glasgow, for supplying 
the new steelworks built by Colvilles Ltd. at Ravens- 
craig, some fifteen miles to the south. The power 
plant for the new works was described in a recent issue 
of this Journal.* Colvilles’ existing works—the Clyde 
Ironworks—had previously been served by a quay on 
the north bank of the Clyde, but it was not large enough 
for both steelworks nor was there a direct route from it 
by rail to Ravenscraig. It was necessary, therefore, to 
look for additional unloading facilities. 

General Terminus Quay, which is on the south bank 
of the Clyde a short distance upstream from the old 
quay and immediately above Finnieston Ferry, was 
found to be suitably situated for supplying both works. 

* G.E.C. Journal, Vol. 25, pp. 122-125, April, 1958. 


Built originally for handling coal and general freight, it 
is adjacent to an extensive marshalling yard. Not only 
was space available for ore storage bunkers, but the yard 
is linked with the Glasgow railway system, giving direct 
access both to Ravenscraig and to Clyde Ironworks. 
It was decided, therefore, to install an unloading and 
handling plant there capable of keeping both steelworks 
supplied with their ore requirements. 

The quay was adapted to accommodate two ore 
ships, and to carry the heavy equipment needed to 
unload them, by lengthening it by about a hundred 
feet and strengthening its supports. The G.E.C., 
as main contractor, designed at its Erith works 
the complete conveyor system for handling the 
ore, exclusive of the unloaders but including the 
ore bunkers, and supervised its erection. The ore 
bunkers and building were supplied by Alex Findlay 
& Co. Ltd. as sub-contractor. 
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A general view of the quay and the handling 
plant is shown in fig. 1. Two ore ships, each 
with a maximum length of 532 ft. 6 in. and a 
tonnage of 15,600, can be berthed at the quay- 
side and unloaded simultaneously, tracks along 
the length of the quay enabling the unloaders 
to operate at any required spot. Each unloader 
is capable of taking ore out of the hold at the 
rate of 600 tons per hour and delivering it 
through a small hopper and apron feeder unit 
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to either of two belt conveyors on the quayside. SOX tb, 
This part of the plant can be seen in fig. 2 and 3. Sw V; : 
The conveyor system consists of two parallel . . i Z| t 
lines of 48 in. belts in four sections, driven by .. ss) Ss 
G.E.C. motors through worm reduction gears ow ahd x 
and fluid couplings. Each line of belts has a | : ae < ¢ hy .\ 
capacity of 1,000 tons of ore per hour at its | ee X\ 


running speed of 300 ft. per min. The quayside 
conveyors are over 1,000 ft. long and run 
horizontally along the length covered by the 
travelling unloaders. Beyond the downstream 
end of the unloader rail tracks, the belts rise to 
a junction house and deliver the ore to two short 
60 in. belt feeders, the purpose of which is to even 
out the flow as much as possible before trans- 
ferring the ore to the two conveyors that carry 
it over the road. These are about 140 ft. long 
and are housed in a bridge spanning the 
road. As can be seen in fig. 1, they rise to a 
junction house on the other side of the road and 
deliver the ore to two long conveyors, which 





Fig. 2.—The quayside 
conveyors. 


Fig. 3.—An ore ship 
ready for unloading 
at the quay. 
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run back at right angles to them, parallel to the 
quayside conveyors. 

These long conveyors are some 750 ft. 
in length and rise towards the end, entering 
a junction house at one end of the bunker 
building at a height of 80 ft. above ground level. 
There the ore is transferred to two distributing 
conveyors running over the top of the bunkers, 
each with a belt-operated travelling tripper for 
discharging it at any required point. These are 
illustrated in fig. 4. 

The bunkers, which are V-shaped, are built 
in two rows side by side down the length of the 
building. They are 325 ft. long and have a total 
capacity of 14,000 tons of ore. Each row is 
fitted at the bottom with 28 pairs of discharge 
gates, arranged back to back as illustrated in , 
fig. 5, in which the gates under one row of Ny ‘" 
bunkers are seen. The gates are of the double- a2 BA «4 


lip, down-cut design. B 


I i 
7) UY 


The bunkers are unloaded by means of scale ’ bi 
cars travelling on rail tracks under the gates. iy J at , 3 : 
There are four tracks, one under each row of a - 
gates, with a scale car on each for weighing the 
ore as it is withdrawn from the bunker. Two 
of the cars can be seen in fig. 5; they were 
supplied by Ashmore, Benson, Pease & Co. 
under a separate contract. Below the tracks are 
four rows of 28 hoppers, each having a capacity ae 
of 16} eaens of ore, from which the wagons of the Fig. 5.—Scale cars under the ore bunker discharge gates. 
ore trains are loaded. 





When filling the hoppers, 
the operator stops his scale 
car under a gate, opens it by 
means of an hydraulic ram 
on the car, fills his weighing 
compartment with 16} tons 
of ore, and discharges it into 
one of the hoppers. Nor- 
mally he would put the ore 
direct into the hopper below 
the gate, but when necessary 
he can draw from any gate 
and discharge into any of the 
hoppers in the row served by 
his scale car. All the hoppers 
are filled in this way, adjacent 
pairs containing the load that 
is required to fill the 33-ton 
railway wagons in which the 
ore is transported to the steel- 
works. The layout of the 
bunker building has been so 
designed that two adjacent 
hoppers are directly over one 
ore wagon when a train is in 
the loading position. 

Standard-gauge rail tracks 
a . lead in from the marshalling 
Fig. 4.—Travelling trippers on top of the ore bunkers. yard under the four rows of 
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hoppers (fig. 6). At the bottom of each 
hopper is a discharge gate operated by 
a Lockheed hydraulic piston connected 
to an hydraulic main. Each row has its 
own main with a control valve at both 
ends, either of which can be used to 
move the pistons. Two hydraulic 
pump units are provided to pressurise 
the system, one being kept in reserve. 

An ore train consists of 28 standard 
33-ton bottom-discharge ore wagons. 
It is uncoupled in the middle for 
loading and one half is backed into 
position under a row of hoppers. The 
gates are then opened by means of the 
control valve and all 14 wagons are 
filled simultaneously within a few 
seconds. The procedure is repeated 
with the other half of the train, and the 
two halves, with over 900 tons of ore, 
are then ready to be pulled out and 
coupled up for despatch to the steel- 
works. This method of loading ensures 
that a quick turn-round of the ore 
ships can be achieved, and, when 
necessary, two ships can be discharged 
simultaneously. 


Fig. 6.—View of site from south, showing a 
loaded ore train coming out of the bunker 
building. 
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TECHNICAL LITERATURE 


A digest of recent articles and papers by members 
of the G.E.C. and its associated companies. 


THE PREPARATION OF CRYSTALLINE §-ALUMINA 
(725).* 


By H. P. Rooksby (Research Laboratories). 


Journal of Applied Physics, Vol. 8, pp. 44-49, January, 1958. 

Three methods are described for preparing one of the 

transition forms of alumina, the §-form, in a comparatively 
advanced state of crystallinity. In these preparations the 
crystal structure is sufficiently well developed for complete 
X-ray powder diffraction spacing and intensity data to be 
compiled, and these data are presented. The methods of 
preparation comprise : 

(a) Heat treatment of a dense form of high-purity 
alumina monohydrate in air at about 950 deg. over 
an extended period. 

(6) Ignition of ammonium aluminium sulphate impreg- 
nated with ammonium molybdate at 950 deg. 

(c) Heat treatment at 1,100 deg. in air of a flame-sprayed 
alumina displaying the cubic gamma structure. 

The spherulised alumina described by Plummer in the 

preceding paper contains a high proportion of crystalline 
6-form. 


A HIGH FREQUENCY GERMANIUM DRIFT TRANSIS- 
TOR BY POST ALLOY DIFFUSION (736).* 


By J. S. Lamming (Research Laboratories). 


Journal of Electronics and Control, Vol. 4, pp. 227-236, 
March, 1958. 

A new technique of solid state diffusion, called here “ post 
alloy diffusion”, is described with particular reference to 
the construction of a high frequency germanium drift 
transistor. In this post alloy diffusion technique two or 
more impurities of different conductivity type are alloyed into 
n-type germanium to produce an alloyed pn junction. This 
structure is then modified by diffusion to produce a diffused 
pn junction, the graded n-type region of which is suitable 
to act as the base and the p-type region the emitter of a drift 
transistor. The construction of a transistor made by this 
method is described and some of the design variables are 
discussed. Transistors with alpha cut-off frequency in 
excess of 200 Mc's, collector capacitance of 1-5 pF and base 
resistance of 50 ohms, have been made. 


CHEMICAL BONDING IN BISMUTH TELLURIDE 
(748).* 

By J. R. Drabble and C. H. L. Goodman (Research 
Laboratories). 

Fournal Phys. Chem. Solids, Vol. 5, Nos. 1/2, pp. 142-144, 
1958. 

A model for the chemical bonding in bismuth telluride is 
proposed which appears to dispose of some of the difficulties 
involved in earlier models. The new model is used to explain 
some of the properties of bismuth telluride and of its alloys 
with bismuth selenide. 


POROSITY AND REFRACTORY CORROSION (750).* 
By T. S. Busby (Research Laboratories). 
Silicates Industriels, Vol. 23, pp. 9-16, Fanuary, 1958. 


The porosity of refractory materials is an important factor 
in their resistance to corrosion. When refractory materials 


are in contact at high temperatures with corrosive chemical 
substances, their porosity can often have greater influence on 
their resistance to corrosion than their chemical composition. 
A study of the corrosion by molten glass of blocks forming 
the walls of industrial furnaces has shown that blocks with a 
porosity of 10 per cent are corroded at less than half the rate 
of similar blocks with a porosity of 20 per cent. 


THE APPLICATION OF TRANSISTORS TO TELE- 
VISION (752).* 


By J. N. Barry and A. E. Jackets (Research Labora- 
tories). 


Journal of the Television Society, Vol. 8, No. 8, p. 318, 
October-December, 1957. 


Recent progress in the design of transistors is reviewed 
briefly, and it is shown that considerable advances have been 
made in the case of junction transistors both in respect of 
high frequency operation and power handling capacity. 
These advances open up considerable possibilities for their 
application in the television field, and these are discussed in 
the rest of the paper. The non-linear applications are out- 
lined first, followed by consideration of their uses in various 
types of amplifier. Possible applications to the case of colour 
television are discussed briefly. In conclusion an attempt is 
made to suggest likely trends of future device development 
and the further outlook in this field. 


THE MAGNETIC SUSCEPTIBILITY AND ELECTRICAL 
RESISTIVITY OF SOME TRANSITION METAL 
SILICIDES (758).* 


By D. A. Robins (Research Laboratories). 
Philosophical Magazine, Vol. 3, pp. 313-327, April, 1958. 


Sintered samples have been prepared of a number of 
silicides formed by the Groups IVa, Va and VIa transition 
metals and silicon. Magnetic susceptibility measurements 
have been made at room temperature and 500 deg. C. and 
the electrical resistivity and temperature coefficient of resisti- 
vity determined for the range 20 deg. C. to 120 deg. C. The 
results are discussed in relation to the type of bonding 
present in these comipounds and it is shown that the transition 
metal silicides are essentially metallic in character. 


THE LIFE TEST CONTRIBUTION TO THE IMPROVE- 
MENT OF VALVE RELIABILITY (773).* 


By R. Brewer (Research Laboratories). 


British Communications and Electronics, Vol. 5, pp. 258-263, 
April, 1958. 


Vibration-fatigue and electrical life tests carried out on 
four types of CV4000 Series “ reliable ” valves have shown 
a high order of reliability in both types of test. The develop- 
ment of these valves has benefited from the study of the 
causes of failures occurring in the life tests of commercial 
valves. This study has shown how valve assembly, processing 
and design faults can affect life, and it has thus provided an 
important feedback path by which improvements in valve 
reliability have been made. 
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BACKWARD WAVE OSCILLATORS. 
By A. G. Stainsby (Research Laboratories). 
Electronic Engineering, Vol. 30, pp. 329-334, May, 1958. 


The backward wave oscillator has developed rapidly since 
its invention six years ago. It combines rapid electronic 
tuning with a frequency range sometimes in excess of an 
octave. There are two distinct types of oscillator, the O type 
which is mainly suited to low-power operation as a local 
oscillator or test source and the M type which is capable of 
delivering high powers with good efficiency and is thus 
suited to use as a transmitter. The characteristics and 
mechanism of operation of these two types are explained and 
typical examples are described. 


PROPERTIES, APPRAISAL AND SELECTION OF 
FERROELECTRIC MATERIALS. 


By B. Lewis (Research Laboratories). 


British Communications and Electronics, Vol. 5, pp. 332-337, 
May, 1958. 


High dielectric constant, non-linearity and piezoelectric 
activity are among the properties which characterise 
ferroelectric materials. This article describes how these and 
other properties are related, how they are measured, and how 
materials are selected for particular applications. 


ELECTRICAL PROCESS HEATING: A REVIEW OF 
PROGRESS. 


By O. W. Humphreys and R. Smith (Research Labora- 
tories). 


Proceedings of the Institution of Electrical Engineers, Vol. 104, 
Part A, pp. 449-456, October, 1957. 


The paper covers the low- and high-temperature treatment 
of metals and such non-metals as plastics, rubber, wood, 
ceramics and glass. Its main sections deal with sources of 
heat and power, resistance furnace processes, conduction and 
induction heating processes, dielectric heating processes, and 
radiant heating. The authors comment that in many in- 
dustries the cost of fuel for processing is only a small fraction 
of the cost of the material being processed and therefore of the 
final product. In these industries an important consideration 
is the avoidance of loss and spoilage of material during pro- 
cessing, and the use of electricity is common. During recent 
years, although the cost of all fuels has increased substantially, 
the relative incre.se for some uses has been much less for 
electricity than for other fuels, and the balance of costs is 
changing in a way which will encourage the use of more 
electricity. 


JULY, 1958 


MAGNETIC AMPLIFIERS WITH HALF-CYCLE 
RESPONSE. 


By B. W. Glover (Applied Electronics Laboratories). 


Electrical Energy, Vol. 2, pp. 2-9 and 58-64, Fanuary and 
February, 1958. 


All “ half-cycle” response magnetic amplifiers are shown 
to fall into one of eight classes according to the type of 
output obtained. This type of classification is adequate for 
single- and two-core stages, but for four-core duo-directional 
output stages, a classification according to circuit arrange- 
ment is necessary. Such a classification is given, and by 
means of this it is shown that there are only four basic ways 
in which the output circuit of a duo-directional four-core 
full-wave circuit without split power windings can be 
connected. Examples are given of “half-cycle” response 
amplifiers of all the classes considered and their relative 
merits discussed. A new control circuit for high speed 
amplifiers, which overcomes the inability to obtain full 
output due to rectifier back leakage and to inadequate 
remanence of the core material, is given. Miulti-stage 
amplifiers are discussed and a method of coupling full-wave 
stages, without loss of time response or undue loss of power 
gain, is given. 


CHEMICAL PROBLEMS IN THE ELECTRICAL INDUS- 
TRY: THE CONTRIBUTION OF ANALYSIS AS A RE- 
SEARCH SERVICE. 


By R. C. Chirnside (Research Laboratories). 


Proceedings of the Congress on Modern Analytical Chemistry 
in Industry, St. Andrews, 1957, pp. 43-55. 


Having shown how a research laboratory in the electrical 
industry seeks to co-ordinate the various techniques of 
measurement available, in order to keep pace with the 
present revolutionary changes in chemical science, the 
author outlines the application of analytical techniques to 
various problems. These include mineral dressing, investi- 
gation of thermionic emission in radio valves, examination 
of phosphors, and analytical studies of ferrites. Attention 
is drawn to the increasing awareness of the significance of 
impurities at very low levels, and a conductimetric method 
is described for determining and studying the effects of 
carbon present at less than 100 p.p.m. in steel for use as 
transformer stampings, motor laminations, or in some 
components of telecommunication equipment. 


* A limited number of reprints is available of those 
papers marked with an asterisk. Copies may be ob- 
tained on application to the Editor, G.E.C. Journal, 
Magnet House, Kingsway, W.C.2. 














